ABSTRACT. The reaction of equimolar amounts of (n-Bu4N)[ReOCl4] and 2-(1-ethanolthiomethyl)-1-methylimidazole (Htmi) in acetonitrile yielded cis ]. An X-ray diffraction study shows that tmi¯ coordinates as a uninegative N,S,O-tridentate ligand to give distorted octahedral geometry around the rhenium(V) ion. The three donor atoms occupy a triangular face in an octahedron, with the alcoholate oxygen coordinated trans to the oxo group.
INTRODUCTION
There is significant contemporary interest in the coordination chemistry of rhenium because the radionuclides 186 Re and 188 Re are β-emitters with properties suitable for use in therapeutic nuclear medicine [1, 2] .
The challenge for inorganic chemists is to design low molecular weight, biologically active rhenium complexes that can selectively bind to tumour cells to deliver radiation in situ to the cancerous tissue. Therefore, an intensive study of the coordination chemistry of rhenium becomes a priority in order to advance radiopharmaceutical development.
We have become interested in the study of rhenium complexes with multidentate ligands containing the imidazole group, mainly due to the importance of the latter group in biological processes [3] . For example, the imidazole moiety plays an important role in biological systems as a part of the histidyl residue in peptides and proteins [3] [4] [5] [6] . Moreover, the imidazole derivatives show a diverse range of pharmacological activity such as antibacterial, antifungal, as well as antitumoural effects [7] .
We have earlier found that the reaction of the neutral bidentate N,S-donor ligand 2-(1- 
EXPERIMENTAL

Reagents
(n-Bu 4 N) [ReOCl 4 ] and the salt 2-chloromethyl-1-methylimidazole hydrochloride were prepared by literature methods [10, 11] . Solvents were purified and dried before use. Laboratory chemicals were of reagent grade and were used without further purification.
Instrumentation
IR spectra were recorded for samples in NaCl cells (Htmi) and KBr pellet (1) 
Synthesis of 2-(1-ethanolthiomethyl)-1-methylimidazole (Htmi)
2-Chloromethyl-1-methylimidazole hydrochloride (5.00 g, 30 mmol) was suspended in 20 mL ethanol, and K 2 CO 3 (6.20 g, 45 mmol) was added. To this mixture was added a solution of 2-mercaptoethanol (2.34 g, 30 mmol), dissolved in 20 mL ethanol, and the mixture was heated under reflux for an hour and then stirred overnight. A white precipitate (KCl) was filtered off and the solvent ethanol was then removed under reduced pressure, to leave brown oil. The oil was taken up in 50 mL of chloroform, more KCl was filtered off, and the solution was dried with anhydrous sodium sulfate. On removal of the chloroform by rotary evaporation, yellow oil was obtained which was distilled under vacuum. Its boiling point was 167 ºC at 5 mTorr. Yield = 78 %. Anal. calcd. for C 7 
Synthesis of [ReOCl 2 (tmi)] (1)
(n-Bu 4 N) [ReOCl 4 ] (100 mg, 170 µmol) was dissolved in 10 mL of acetonitrile, and an equimolar amount of Htmi (29 mg), in 5 mL acetonitrile, was added dropwise with stirring at room temperature. The solution was then heated to reflux for 1 hour, and a violet-purple solution was obtained. It was cooled to room temperature, and placed in a desiccator. After several hours, violet crystals suitable for X-ray analysis were obtained. 
X-ray crystallography
An X-ray diffraction study on crystals of [ReOCl 2 (tmi)] (1) was performed at 200(2) K using a Nonius Kappa CCD diffractometer with graphite-monochromated Mo K α radiation (λ = 0.71073 Å). The molecular structure representation, along with the atom-numbering scheme, is shown in Figure 1 . Details of the crystal data are given in Table 1 , with selected bond lengths and angles in Table 2 . The structure was solved by direct methods. Non-hydrogen atoms were refined with anisotropic displacement parameters. Each H atom was placed in a calculated position and refined using a riding model. Structural refinements were made by the full-matrix least-squares method on F 2 using the program SHELXL-97 [12] . 
RESULTS AND DISCUSSION
Synthesis
The reaction of equimolar amounts of 2- Due to the viscosity of the oily Htmi ligand, acetonitrile was found to be the only solvent suitable as a reaction medium, and X-ray quality crystals were deposited from the mother liquor. Complex 1 is diamagnetic (formally d 2 ) and a non-electrolyte in DMF [13] . It is weakly soluble, but stable, in polar solvents such as acetonitrile, DMSO and DMF.
Spectral analysis
In the infrared spectrum of complex 1, the Re=O stretching frequency appears as a sharp strong band at 945 cm -1 , which falls in the region of 940-970 cm -1 that is normally observed for sixcoordinate rhenium(V) complexes containing a hard alkoxy donor atom trans to the Re=O moiety [14] . Coordination of the imidazolyl nitrogen is indicated by the shift of ν(C=N) from around 1670 cm -1 in the free ligand (Htmi) to 1632 cm -1 in the complex. This coordinationinduced frequency change is typical for ring systems of this type [15, 16] . A band of weak intensity at 470 cm -1 is ascribed to ν(Re-N), and a strong band at 266 cm -1 , assigned to ν(Re-S), signifies the coordination of the sulfur donor atom of Htmi. The coordination of the deprotonated alkoxy oxygen of Htmi in the complex is reflected in ν(H 2 C-O) at 1172 cm -1 . The 1 H NMR spectrum of (1) shows sharp, well-resolved peaks and there are no detectable paramagnetic shifts or line broadening of the signals. The protons on the aliphatic substituent of tmi¯ in the complex give rise to the expected singlet-triplet-triplet pattern, with a slight downfield shift of the C(4)H 2 and the C(5)H 2 proton signals, while the C(6)H 2 proton signals show a significant upfield shift from 3.80 ppm in the free ligand to 3.07 ppm in the complex. The ring protons also show two doublets as expected, and these signals are shifted markedly downfield in the complex relative to the free ligand, from 6.84 and 6.90 ppm to 7.57 and 7.72 ppm, respectively.
Description of the structure
The structure of 1 is shown in Figure 1 . The packing in the unit cell (Figure 2) shows discrete, monomeric and neutral oxorhenium(V) units [ReOCl 2 (ami)], packed with no intermolecular contacts shorter than the van der Waals radii sum. The complex crystallises in a monoclinic P2 1 /n space group with four molecules per unit cell. The coordination geometry around the rhenium is highly distorted octahedral; the nitrogen and sulfur atoms from the tridentate uninegative N(1),S,O(1)-donor lie on the equatorial plane, along with the two cis-chlorides, while the alcoholate O(1) atom is trans to the O(2)-oxo atom.
The rhenium atom is displaced by 0.152 Å from the least squares N(1)SCl (1)Cl (2) , where significant multiple bonding has been postulated and is substantially less than the range of 2.00-2.08 Å which is considered to be representative of Re(V)-O single bonds, and it indicates some double-bond character for this bond [9, 17, 18] . Another indication of its double bond character is that the Re-O(1)-C(6) angle is splayed to 129.6(3)° when no apparent intramolecular nonbonding contacts exist, which is close to the expected 120° for Re(V)-O double bonds [9] . The Re = O(2) [1.696(3) Å] shows high doublebond character and is within a range that is expected for mononuclear octahedral oxorhenium(V) complexes (Table 3) with an anionic oxygen donor atom trans to the oxo ligand [17] [18] [19] [20] . The Re-Cl(1) distance [2.41(1) Å] is markedly longer than the Re-Cl(2) bond [2.37(1) Å], indicating the greater trans influence of the imidazole ring compared to the sulfur atom. [19] . A similar complex, [ReOCl 2 (ami)] [Hami = 2-(1-ethanolaminomethyl)-1-methylimidazole], has also been isolated and fully characterized, where ami¯ is a tridentate ligand containing an alcoholate oxygen, secondary amino nitrogen and an imidazolyl nitrogen as donor atoms [20] . In addition to the tridentate imidazole ligands, Beauchamp and co-workers have isolated the neutral mononuclear complexes [ReOX 2 (L-his)] (X = Cl, Br), where L-hisH is the non-sulfurcontaining amino acid histidine with a carboxylic oxygen, amino nitrogen and an imidazolyl nitrogen as donor atoms [18] . X-ray structural studies reveal a cis arrangement of the halides and the coordination of the carboxylate oxygen trans to the oxo group.
Supplementary data
CCDC-299049 contains the crystallographic data of 1. These data can be obtained free of charge at www. ccdc.cam.ac.uk/conts/retrieving.html [or from the Cambridge Crystallographic Data Centre (CCDC), 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44(0)12234-336033; e-mail: deposit@ccdc.cam.ac.uk].
